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[0001] The present invention claims the benefit of Korean Patent Application No. P2001- 
15744, filed in Korea on March 26, 2001, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

(0002) This invention relates to a liquid crystal display, and more particularly to a liquid 
crystal display and a fabricating method thereof that are capable of reducing the number of 
masks and the process time of fabrication. 

DISCUSSION OF THE RELATED ART 

[0003] A liquid crystal display (LCD) of an active matrix driving system may use thin film 
transistors (TFTs) as switching devices to display a natural moving picture. Since LCDs can 
be formed into smaller devices than existing Brown tubes, they are used commonly in 
computer monitors and laptops, in office automation equipment such as copy machines, and 
in portable equipment such as cellular phones and pagers. 

[0004] An active matrix LCD displays a picture corresponding to video signals, such as 
television signals, typically on a pixel (or picture element) matrix having pixels arranged at 
each intersection of gate lines and data lines. Each pixel includes a liquid crystal cell that 
controls a transmitted light quantity according to a voltage level of a data signal from a data 
line. A TFT is installed at an intersection of the gate line and the data line to switch a data 
signal to the liquid crystal cell in response to a scanning signal (i.e., a gate pulse) from the 
gate line. 

[00051 The operation of LCDs can be classified primarily into two modes: a twisted 
nematic (TN) mode, in which a vertical electric field is applied, and an in-plane switching 
(IPS) mode, in which a horizontal electric field is applied to have a wide viewing angle, 

l-WA/1681359.1 



DEC 2B 2001 01 :55 



PAGE. 08 



From: 



28/12/2001 15:46 #310 P.009 



depending on the direction of an electric field driving the liquid crystal. 
[0006] FIG, 1 shows an electrode arrangement at a TFT substrate of a conventional TN mode 
LCD device, and FIG. 2 is a section view of the TFT substrate taken along the A-A' line in 
FIG. 1, 

[0007] As shown in FIG. i and FIG. 2, the LCD device includes a TFT provided at an 
intersection of a gate line 15 and a data line 13, and a pixel electrode 26 provided in a pixel 
area near the intersection of the gate line 15 and the data line 13. 

[0008J The TFT is formed by sequentially depositing a gate electrode 12, a gate insulating 
film 14, an active layer 16, an ohmic contact layer 18, a source electrode 20 and a drain 
O electrode 22, a protective layer 24, a pixel electrode 26 and an alignment film 28 on a 

W substrate 10. The gate electrode 12 is connected to the gate line 1 5 and the source electrode 

m 

20 is connected to the data line 13. 
lu [0009] The TFT applies a data signal from the data line 13 to the pixel electrode 26, and 

ST applies a scanning pulse to the gate electrode 12 to drive a liquid crystal cell The pixel 

rf electrode 26 is formed on a portion of the protective layer 24 and on a portion of the drain 

J electrode 22 exposed by a contact hole 30 formed in the protective layer 24. The pixel 

electrode 26 is formed of a transparent conductive material such as such as indium-tin-oxide 
(ITO) 5 indium-zinc-oxide (IZO) or indium-tin-zinc-oxide (ITZO). The gate insulating film 
14 is formed of an inorganic insulating material, and the protective layer 24 is formed of an 
organic insulating material. 

[0010] FIGS. 3A to 3G show steps of a method of fabricating the TFT shown in FIG. 2. 
[0011] As shown in FIG. 3 A, the gate electrode 12 is formed on the transparent substrate 10 
by using a sputtering technique to deposit a metal thin film layer on the transparent substrate 
10 and patterning it by photolithography and wet etching. The gate electrode 12 is formed 
of a metal material such as aluminum (Al), copper (Cu) or chrome (Cr), and a (NH^^Os 
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aqueous solution is used as an etchant for wet etching. 

[0012] As shown in FIG. 3B, the gate insulating film 14, the active layer 16 and the ohmic 
contact layer 18 are formed sequentially on the transparent substrate 10 and the gate electrode 
12. The gate insulating film 14 is formed by depositing an insulating material such as 
silicon nitride (SiN x ) or silicon oxide (SiO*) onto the transparent substrate 10 by a chemical 
vapor deposition (CVD) technique. An amorphous silicon (a-Si) layer and an amorphous 
silicon layer doped with an impurity (n + a-Si) are sequentially deposited onto the gate 
insulating film 14. The active layer 16 and the ohmic contact layer 18 are formed by 
patterning the layers of a-Si and n" a-Si by photolithography and dry etching. 
M» [0013] As shown in FIG. 3C, the source electrode 20 and the drain electrode 22 are formed on 

6 the ohmic contact layer 1 8. The source electrode 20, the drain electrode 22, and the data line 

FU 13 are formed by depositing a metal layer on the gate insulating film 14 in such a manner as 

CP to cover the ohmic contact layer 18 using a sputtering technique and then patterning it using 

photolithography and wet etching. The source electrode 20 and the drain electrode 22 are 
W formed of molybdenum (Mo) or a molybdenum alloy such as MoW, MoTa or MoNb, and use 

^ a (NH4) 2 S20s aqueous solution as an etchant. 

[0014] Subsequently, as shown in FIG. 3D, the exposed ohmic contact layer 1 8 is dry etched 
by using the source electrode 20 and the drain electrode 22 as a mask to thereby expose the 
active layer 16 through the ohmic contact layer 1 8, source electrode 20 and the drain electrode 
22. 

[0015] As shown in FIG. 3E, the protective layer 24 is formed on portions of the gate 
insulating film 14, the source electrode 20 and the drain electrode 22. The protective layer 
24 is formed by depositing an insulating material and then patterning it. The contact hole 30 
is formed in the protective layer 24 and exposes a portion of the drain electrode 22. The 
protective layer 24 is formed of an inorganic insulating material, such as silicon nitride (SiN x ) 
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or silicon oxide (SiO x ), or an organic insulating material having a small dielectric constant, 
such as an acrylic organic compound, Teflon, BCB (benzocyclobutene), Cytop Or PFCB 
(perfluorocyclobutane). 

[0016] As shown in FIG. 3F, the pixel electrode 26 is formed on the protective layer 24 and 
on the portion of the drain electrode 22 exposed by the contact hole 30. The pixel electrode 
26 is formed by depositing a transparent conductive material on the protective layer 24 and 
then patterning the material. The pixel electrode 26 is formed of ITO, IZO or ITZO. The 
pixel electrode 26 electrically contacts the drain electrode 22 through the contact hole 30. 
[0017] As shown in FIG. 3G, the alignment film 28 is formed on the protective layer 24 and 
the pixel electrode 26. Prior to the formation of the alignment film 28, an annealing is carried 
out on all of the layers. Furthermore, the TFT is tested by applying an electrical signal to 
confirm that the TFT is functioning normally in its on and off states of operation. 
[0018] If the test indicates that the TFT is functionally normally, then a primary alignment 
film of less than 1000 A is formed by printing polyimide using a roller and thereafter the 
normal alignment film 28 is formed by rubbing the surface of the primary alignment film. 
(0019] FIG. 4 shows an electrode arrangement at a TFT substrate of a conventional IPS mode 
LCD device, and FIG. 5 is a section view of the TFT substrate taken along the B-B' line in 
FIG. 4. 

[0020] As shown in FIG. 4 and FIG. 5, the IPS mode LCD device includes a TFT provided at 
an intersection of a gate line 35 and a data line 33, and a pixel electrode 46 and a common 
electrode 44 provided at a pixel area near the intersection of the gate line 35 and the data line 

[0021] The TFT is formed on a transparent substrate 31 and includes a gate electrode 32 
connected to the gate line 35, a source electrode 40 connected to the data line 33 and a drain 
electrode 42 connected to the pixel electrode 46. 
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[0022] The gate electrode 32, the gate line 35 and the common electrode 44 are formed by 
depositing a metal such as aluminum (Al), copper (Cu) or chrome (Cr), etc. onto the 
transparent substrate 31 and then patterning it. Herein, the common electrode 44 is patterned 
in a three-line stripe shape within the pixel cell area. 

[0023] A gate insulating film 34 made from an inorganic dielectric material such as silicon 
nitride (SiN x ) or silicon oxide (SiO x ) is deposited on the surfaces of the substrate 3 1, the gate 
electrode 32 and the common electrode 44, An active layer 36 formed of a-Si is deposited on 
the gate insulating film 34 and an ohmic contact layer 38 formed of a-Si doped with n+ ions 
is deposited on the active layer 36. The source electrode 40, the drain electrode 42 and the 
data line 33 formed of a metal are deposited on the ohmic contact layer 38. The source 
electrode 40 and the drain electrode 42 are patterned in such a manner to be spaced from each 
other by a predetermined channel width. The pixel electrode 46 is formed by depositing 
ITO onto a portion of the drain electrode 42 and the gate insulating film 34 and then 
patterning the deposited material. The pixel electrode 46 is patterned in a two-line stripe 
shape within the pixel cell area that alternates with the common electrode 44. Subsequently, 
the ohmic contact layer 38 provided in the space defined by the predetermined channel width 
between the source electrode 40 and the drain electrode 42 is etched to expose the active layer 
36. A protective layer 48, formed of an inorganic insulating material or an organic 
insulating material having a small dielectric constant, is deposited on the exposed surfaces of 
the gate insulating film 34, the active layer 36, the source electrode 40, the drain electrode 42, 
and the pixel electrode 46. 

[0024] Finally, an the alignment film 50 is formed on the protective film 48. Prior to the 
formation of the alignment film 50, an annealing is carried out on ail of the layers. 
Furthermore, the TFT is tested by applying an electrical signal to confirm that the TFT is 
functioning normally in its on and off states of operation. 
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[0025) If the test indicates that the TFT is functioning normally, then a primary alignment 
film of less than 1000 A is formed by printing polyimide using a roller and thereafter the 
normal alignment film 50 is formed by rubbing the surface of the primary alignment film* 
[0026] However, in fabricating the conventional TN or IPS mode LCD device, the number of 
mask processes, such as the formation of the protective film, becomes excessive. Thus, the 
long process time required for the fabrication is a disadvantage of the conventional TN or IPS 
mode LCD device. 

SUMMARY OF THE INVENTION 
M [0027] Accordingly, the present invention is directed to a liquid crystal display and a 

fabricating method thereof that substantially obviate one or more of the problems due to 
rfi limitations and disadvantages of the prior art. 

fj» [0028] An object of the present invention is to provide a liquid crystal display and a 

s fabricating method thereof wherein a polyimide resin is coated to have both the functions of a 

fy protective layer and an alignment film, thereby simplifying the process of fabricating the 

H liquid crystal device. 

.U [0029] Additional features and advantages of the invention will be set forth in the description 

which follows, and in part will be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advantages of the invention will be 
realized and attained by the structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[0030] In order to achieve these and other advantages and in accordance with the purpose of 
the present invention, as embodied and broadly described, the liquid crystal display device 
according to one aspect of the present invention includes a gate line for receiving a scanning 
signal; a data line for receiving a data signal; a pixel electrode provided at an intersection of 
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the gate line and the data line to drive a liquid crystal cell; a thin film transistor for 
responding to the scanning signal to switch the data signal into the pixel electrode; and an 
alignment film formed on at least a portion of the gate line, the data line and the pixel 
electrode to determine a primary alignment direction of a liquid crystal 
[0031] In another aspect, the liquid crystal display device according to the present invention 
includes a gate line for receiving a scanning signal; a data line for receiving a data signal; a 
pixel electrode and a common electrode provided at a pixel area near an intersection of the 
gate line and the data line to drive a liquid crystal cell; a thin film transistor for responding to 
the scanning signal to switch the data signal into the pixel electrode; and an alignment film 
entirely coated on a substrate to protect signal wires including the gate line, the data line, the 
pixel electrode and the common electrode and to determine a primary alignment direction of a 
liquid crystal. 

[0032] In yet another aspect, a method of fabricating a liquid crystal display device according 
to the present invention includes the steps of forming a gate line and a gate electrode of a thin 
film transistor on a substrate; entirely coating a gate insulating layer; forming a 
semiconductor layer of the thin film transistor; forming a data line and source and drain 
electrodes of the thin film transistor; forming a pixel electrode in such a manner as to be in 
contact with the drain electrode; and forming an alignment film for protecting signal wires 
including the gate electrode, the data line, the pixel electrode and the thin film transistor and 
for determining a primary alignment of a liquid crystal. 

[0033J In yet another aspect, a method of fabricating a liquid crystal display device according 
to the present invention includes the steps of forming a gate line, a gate electrode of a thin 
film transistor and a common electrode on a substrate; coating a gate insulating layer; forming 
a semiconductor layer of the thin film transistor; forming a data line and source and drain 
electrodes of the thin film transistor; forming a pixel electrode in such a manner to be in 
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contact with the drain electrode; and forming an alignment film for protecting signal wires 
including the gate electrode, the data line, the pixel electrode, the common electrode and the 
thin film transistor and for determining a primary alignment of a liquid crystal 
[0034] In yet another aspect, a method of fabricating a liquid crystal display device according 
to the present invention includes the steps of forming a gate line, a gate electrode of a thin 
film transistor and a common electrode on a substrate; coating a gate insulating layer; forming 
a semiconductor layer of the thin film transistor; forming a data line and source and drain 
electrodes; forming a pixel electrode and a common electrode in such a manner to be in 
contact with the drain electrode; and forming an alignment film for protecting signal wires 
including the gate electrode, the data line, the pixel electrode, the common electrode and the 
thin film transistor and for determining a primary alignment of a liquid crystal 

[0035] It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0036] The accompanying drawings, which are included to provide a further understanding of 
the invention and are incorporated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the description serve to explain the principles 
of the invention. 

[0037] FIG. 1 is a plan view showing an electrode arrangement on a TFT substrate of a 
conventional TN mode liquid crystal display. 

[0038] FIG. 2 is a section view of the TFT substrate taken long the A- A* line in FIG. 1 . 
[0039] FIG. 3 A to FIG. 3G are section views showing steps of a method of fabricating the 
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TFT shown in FIG. 2. 

[0040] FIG. 4 is a plan view showing an electrode arrangement on a TFT substrate of a 
conventional IPS mode liquid crystal display, 

[0041] FIG. 5 is a section view of the TFT substrate taken long the B-B' line in FIG. 4. 
[0042] FIG. 6 is a plan view showing an electrode arrangement on a TFT substrate of a TN 
mode liquid crystal display according to a first embodiment of the present invention. 
[0043] FIG. 7 is a section view of the TFT substrate taken long the C-C line in Fig. 6. 
[0044] FIG. 8 A to FIG. 8F are section views showing steps of a method of fabricating the 
TFT shown in FIG. 7. 

y. [0045] FIG. 9 is a plan view showing an electrode arrangement on a TFT substrate of an IPS 

p mode liquid crystal display according to a second embodiment of the present invention, 

rtj [0046] FIG. 10 is a section view of the TFT substrate taken along the D-D' line in FIG. 9. 

01 [0047] FIG. 1 1A to FIG. 11 F are section views showing steps of a method of fabricating the 

* TFT shown in FIG. 10. 

\U [0048] FIG. 1 2 is a plan view showing an electrode arrangement on a TFT substrate of a IP S 

m 

*f mode liquid crystal display according to a third embodiment of the present invention. 

U 

M= [0049] FIG. 13 is a section view of the TFT substrate taken long the E-E' line in FIG. 12. 

[0050] FIG. 14A to FIG. 14F are section views showing steps of a method of fabricating the 
TFT shown in FIG. 13. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0051] FIG. 6 shows an electrode arrangement at a TFT substrate of a TN mode LCD device 
according to a first embodiment of the present invention, and FIG. 7 is a section view of the 
TFT substrate taken along the C-C line in FIG. 6. 

[0052] As shown in FIG. 6 and FIG. 7, the LCD device includes a TFT provided at an 
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intersection between a gate line 65 and a data line 63, and a pixel electrode 76 provided at a 
pixel area near the intersection of the gate line 65 and the data line 63. 
[0053] The TFT is formed by sequentially depositing a gate electrode 62, a gate insulating 
film 64, an active layer 66, an ohmic contact layer 68, a source electrode 70, a drain electrode 
72, a pixel electrode 76 and an alignment film 78 on a substrate 60. The gate electrode 62 is 
connected to the gate line 65 and the source electrode 70 is connected to the data line 63. 
[0054] The TFT applies a data signal from the data line 63 to the pixel electrode 76, and 
applies a scanning pulse to the gate electrode 62 to drive a liquid crystal cell. The pixel 
electrode 76 is formed of a transparent conductive material such as ITO, IZO or ITZO, for 
example. The gate insulating film 64 is formed of an inorganic insulating material and the 
alignment film 78 is formed of a polyimide resin. 

[0055] FIGS, 8A to FIG. 8F show steps of a method of fabricating the TFT shown in FIG. 7. 
[0056] As shown in FIG. 8A, the gate electrode 62 is formed on the transparent substrate 60 
by using a sputtering technique to deposit a metal thin film layer on the transparent substrate 
60 and patterning it by photolithography and wet etching. The gate electrode 62 is formed 
of a metal material such as aluminum (Al), copper (Cu) or chrome (Cr), for example, and a 
(NH4)2S 2 0$ aqueous solution is used as an etchant for wet etching. 

[0057] As shown in FIG. 8B, the gate insulating film 64, the active layer 66 and the ohmic 
contact layer 68 are formed sequentially on the transparent substrate 60 and the gate electrode 
62. The gate insulating film 64 is formed by depositing an insulating material such as 
silicon nitride (SiN x ) or silicon oxide (SiO*), for example, onto the transparent substrate 60. 
An amorphous silicon (a-Si) layer and an amorphous silicon layer doped with an impurity (n + 
a-Si) are sequentially deposited onto the gate insulating film 64 by a CVD technique, for 
example. The active layer 66 and the ohmic contact layer 68 are formed by patterning the 
layers of a-Si and n + a-Si by photolithography and then dry etching. 
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[0058] As shown in FIG. 8C, the source electrode 70 and the drain electrode 72 are formed on 
the ohmic contact layer 68. The source electrode 70, the drain electrode 72 and the data line 
63 are formed by depositing a metal layer on the gate insulating film 64 in such a manner as 
to cover the ohmic contact layer 68 using a sputtering technique and then patterning it using 
photolithography and then wet etching. The source electrode 70 and the drain electrode 72 
may be formed of molybdenum (Mo) or a molybdenum alloy such as MoW, MoTa or MoNb, 
and use a (NH 4 )2S 2 08 aqueous solution as an etchant. 

[0059] As shown in FIG. 8D, the pixel electrode 76 is formed by depositing a transparent 
conductive material such as ITO, IZO or ITZO, for example, onto a portion of the gate 
insulating film 64 and the drain electrode 72. 

[0060] As shown in FIG. 8E, the exposed ohmic contact layer 68 is dry etched by using the 
source electrode 70 and the drain electrode 72 as a mask to thereby expose the active layer 66 
through the ohmic contact layer 68, the source electrode 70 and the drain electrode 72. 
[0061] As shown in FIG. 8F, the alignment film 78 is formed on portions of the gate 
insulating film 64, the active layer 66, the source electrode 70, the drain electrode 72 and the 
pixel electrode 76. Prior to the formation of the alignment film 78, an annealing is carried 
out on all of the layers. Furthermore, the TFT is tested by applying an electrical signal to 
confirm that the TFT is functioning normally in its on and off states of operation. 
[0062] If the test indicates that the TFT is functioning normally, then a primary alignment 
film of less than 1000A is coated by printing a polyimide resin serving as both the protective 
layer 24 and the alignment film 28 in the prior art using a roller and thereafter the alignment 
film 78 is formed by rubbing the surface of the primary alignment film. 
[0063] FIG. 9 shows an electrode arrangement at a TFT substrate of an IPS mode LCD device 
according to a second embodiment of the present invention, and FIG. 10 is a section view of 
the TFT substrate taken along the D-D' line in FIG. 9. 
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[0064] As shown in FIG. 9 and FIG. 10, the IPS mode LCD device includes a TFT provided 
near an intersection of a gate line 85 and a data line 83. Furthermore, a pixel electrode 96 
and a common electrode 100 are provided in a pixel area also near the intersection of the gate 
line 85 and the data line 83. 

[0065] The TFT is formed on a transparent substrate 80 and includes a gate electrode 82 
connected to the gate line 85, a source electrode 90 connected to the data line 83 and a drain 
electrode 92 connected to the pixel electrode 96. 

[0066] The gate electrode 82 is formed by depositing a metal such as aluminum (Al), copper 
(Cu) or chrome (Cr), for example, onto the transparent substrate 80 and then patterning the 
metah A gate insulating film 84 formed of an inorganic dielectric material such as silicon 
nitride (SiN x ) or silicon oxide (SiO x ), for example, is deposited onto the transparent substrate 
80 and the gate electrode 82. An active layer 86 formed of a-Si and an ohmic contact layer 
88 formed of a-Si doped with n + ions are sequentially deposited on the gate insulating film 84. 
The source electrode 90, the drain electrode 92 and the data line 83 made from a metal are 
provided on the ohmic contact layer 88. The source electrode 90 and the drain electrode 92 
are patterned in such a manner to be spaced from each other by a predetermined channel 
width. The pixel electrode 96 is formed by depositing ITO onto a portion of the drain 
electrode 92 and the gate insulating film 94 and then patterning the deposited material. The 
common electrode 100 is patterned in a stripe shape within the pixel cell area. In this case, 
the pixel electrode 96 is connected to the drain electrode 92 and is patterned in a stripe shape 
within the pixel cell area in a manner that alternates with the common electrode 1 00. 
[0067] FIGS. 1 1A to 1 IF show steps of a method of fabricating the TFT shown in FIG. 10. 
[0068] As shown in FIG. 1 1 A, the gate electrode 82 is formed on the transparent substrate 80 
by using a sputtering technique to deposit a metal thin film on the transparent substrate 80 
and patterning the metal by photolithography and then wet etching. The gate electrode 82 is 
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formed of a metal material such as aluminum (Al), copper (Cu) or chrome (Cr), and a 
(NHOjSiOs aqueous solution is used as an etchant for wet etching. 

[0069] As shown in FIG. 1 IB, the gate insulating film 84, the active layer 86 and the ohmic 
contact layer 88 are formed sequentially on the transparent substrate 80 and the gate electrode 
82. The gate insulating film 84 is formed by depositing an insulating material such as 
silicon nitride (SiN*) or silicon oxide (SiO x ) onto the transparent substrate 80. An 
amorphous silicon (a-Si) layer and an amorphous silicon layer doped with an impurity (n a- 
Si) are sequentially deposited onto the gate insulating film 84 by a CVD technique. The 
active layer 86 and the ohmic contact layer 88 are formed by patterning the layers of a-Si and 
n* a-Si using photolithography and then dry etching. 

[0070] As shown in FIG. 1 1C, the source electrode 90 and the drain electrode 92 are formed 
on the ohmic contact layer 88. The source electrode 90, the drain electrode 92 and the data 
line 83 are formed by depositing a metal layer on the gate insulating film 84 in such a manner 
as to cover the ohmic contact layer 88 using a sputtering technique and then patterning it 
using photolithography and then wet etching. The source electrode 90 and the drain 
electrode 92 may be formed of molybdenum (Mo) or a molybdenum alloy such as Mo W, 
MoTa or MoNb, for example, and use a (NH^Os aqueous solution as an etchant. 
[0071] As shown in FIG. 11D, the pixel electrode 96 and the common electrode 100 are 
formed on the gate insulating film 84 and the drain electrode 92. The pixel electrode 96 and 
the common electrode 100 are formed of a transparent conductive material such as ITO, IZO 
or ITZO, for example. The common electrode 100 is preferably spaced at a constant 
distance from the pixel electrode 96. 

[0072] As shown in FIG. HE, the exposed ohmic contact layer 88 is dry etched by using the 
source electrode 90 and the drain electrode 92 as a mask to thereby expose the active layer 86 
through the source electrode 90 and the drain electrode 92. 
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[0073] As shown in FIG, 1 IF, the alignment film 93 is deposited on the exposed surfaces of 
the gate insulating film 84, the active layer 86, the source electrode 90, the drain electrode 92, 
the pixel electrode 96 and the common electrode 100. Prior to said formation of the 
alignment film 98, an annealing is carried out on all of the layers. 

[0074] Furthermore, the TFT is tested by applying an electrical signal to confirm that the TFT 
is functioning normally in its on and off states of operation. 

[0075] If the test indicates that the TFT is functioning normally, then a primary alignment 
film of less than 1000A is coated by printing a polyimide resin serving as both the protective 
layer 48 and the alignment film 50 in the prior art using a roller and thereafter the alignment 

M* film 98 is formed by rubbing the surface of the primary alignment film. 

O [0076J FIG. 12 shows an electrode arrangement at a TFT substrate of an IPS mode LCD 

ty device according to a third embodiment of the present invention, and FIG, 13 is a section 

p view of the TFT substrate taken along the E-E' line in FIG, 1 2. 

[0077] As shown in FIG. 12 and FIG. 13 } the IPS mode LCD device includes a TFT provided 

fU near an intersection of a gate line 1 15 and a data line 113. Furthermore, a pixel electrode 

Jf 1 26 and a common electrode 124 are provided in a pixel area also near the intersection of the 

N: gate line 1 15 and the data line 1 13. 

[0078] The TFT is formed on a transparent substrate 110 and includes a gate electrode 112 
connected to the gate line 115, a source electrode 120 connected to the data line 113 and a 
drain electrode 122 connected to the pixel electrode 126. 

(0079 J The gate electrode 112, the gate line 1 15 and the common electrode 124 are formed by 
depositing a metal such as aluminum (Al). copper (Cu) or chrome (Cr), for example, onto the 
transparent substrate 110 and then patterning it. The common electrode 124 is preferably 
patterned in a three-line stripe shape within the pixel cell area. 

[0080] A gate insulating film 1 14 formed of an inorganic dielectric material such as silicon 
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nitride (SiN*) or silicon oxide (SiOx), for example, is deposited onto the transparent substrate 
110, the gate electrode 112 and the common electrode 124. An active layer 1 16 formed of 
a-Si and an ohmic contact layer 118 formed of a-Si doped with n + ions are sequentially 
deposited on the gate insulating film 1 14. The source electrode 120, the drain electrode 122 
and the data line 1 13, each formed of a metal, are provided on the ohmic contact layer 118. 
The source electrode 120 and the drain electrode 122 are patterned in such a manner as to be 
spaced from each other by a predetermined channel width. The pixel electrode 126 is 
formed by depositing ITO onto the drain electrode 122 and the gate insulating film 114 and 
then patterning it. In this case, the pixel electrode 126 is connected to the drain electrode 
122 and is preferably patterned in a two-line stripe shape within the pixel cell area in such a 
manner as to alternate with the common electrode 124. Subsequently, the ohmic contact 
layer 1 1 8 provided between the source electrode 120 and the drain electrode 122 is etched to 
expose the active layer 116. The alignment film 128 is formed on exposed portions of the 
substrate 110, the active layer 1 16, the ohmic contact layer 118, the source electrode 120, the 
drain electrode 122 and the pixel electrode 126. 

[0081] FIGS. 14A to 14F show steps of a method of fabricating the TFT shown in FIG. 13. 
[0082] As shown in FIGS. 14A and 14B, the gate electrode 112 and the common eleotrode 
124 are formed on the transparent substrate 110 using a sputtering technique to deposit a 
metal thin film on the transparent substrate 110 then patterning it by the photolithography and 
then wet etching. The gate electrode 1 12 and the common electrode 124 are formed of a 
metal material such as aluminum (Al), copper (Cu) or chrome (Cr), for example, and a 
(NH4)2S20g aqueous solution is used as an etchant for wet etching. The common electrode 
124 may alternatively be formed of an ITO film so as to improve an aperture ratio. 
[0083] As shown in FIG. 14B, the gate insulating film 1 14, the active layer 1 16 and the ohmic 
contact layer 118 are formed sequentially on the transparent substrate 110, the gate electrode 
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1 12 and the common electrode 124. The gate insulating film 1 14 is formed by depositing an 
insulating material such as silicon nitride (SiN*) or silicon oxide (SiO*), for example, onto the 
transparent substrate 110. An amorphous silicon (a-Si) layer and an amorphous silicon layer 
doped with an impurity (n + a-Si) are sequentially deposited onto the gate insulating film 1 14 
by a CVD technique. The active layer 116 and the ohmic contact layer 118 are formed by 
patterning the layers of a-Si and n + a-Si by photolithography and then dry etching. 
[00841 As shown in FIG. 14C, the source electrode 120 and the drain electrode 122 are 
formed on the ohmic contact layer 118. The source electrode 120, the drain electrode 122 and 
the data line 113 are formed by depositing a metal layer on the gate insulating film 114 in 
such a manner as to cover the ohmic contact layer 118 using a sputtering technique and then 
patterning it by the photolithography and then wet etching. The source electrode 120 and 
the drain electrode 122 may be formed of molybdenum (Mo) or a molybdenum alloy such as 
Mo W, MoTa or MoNb, for example, and use a (NE^^Og aqueous solution as an etchant 
[0085] As shown in FIG. 14D, the pixel electrode 126 is formed by depositing a transparent 
conductive material such as ITO, IZO or ITZO, for example, onto the exposed portions of the 
gate insulating film 1 14 and the drain electrode 122. 

[0086] As shown in FIG. 14E, the exposed ohmic contact layer 1 18 is dry etched by using the 
source electrode 120 and the drain electrode 122 as a mask to thereby expose the active layer 
116 through the ohmic contact layer 118, the source electrode 120 and the drain electrode 122. 
[0087] As shown in FIG. 14F, the alignment film 128 is deposited on the exposed surfaces of 
the substrate 110, the active layer 1 16, the ohmic contact layer 1 18, the source electrode 120 5 
the drain electrode 122 and the pixel electrode 126. Prior to the formation of the alignment 
film 128, an annealing is carried out on all of the layers. Furthermore, the TFT is tested by 
applying an electrical signal to confirm that the TFT is functioning noimally in its on and off 



states of operation. 
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[0088] If the test indicates that the TFT is functioning normally, then a primary alignment 
film of less than 1000A is coated by printing a polyimide resin serving as both the protective 
layer 48 and the alignment film 50 in the prior art using a roller and thereafter the normal 
alignment film 128 is formed by rubbing the surface of the primary alignment film. The 
polyimide resin may have a dielectric constant of about 3 and a thickness of about 500 to 700 
A, for example, 

[0089] The step of forming a protective layer in the conventional five-mask LCD structure is 
omitted from the fabricating method of the present invention. The pixel electrode is 
patterned onto the source and drain electrodes and is then entirely deposited with a polyimide 
resin in the process of forming the substrate through the alignment, thereby having both 
functions of a protective layer and an alignment film. Accordingly, advantages of the 
present invention include the reduction in the number of masks as well as the process time 
and manufacturing costs of fabricating the liquid crystal display. 

[0090] It will be apparent to those skilled in the art that various modifications and variations 
can be made in the liquid crystal display and fabricating method thereof of the present 
invention without departing from the spirit or scope of the invention. Thus, it is intended 
that the present invention cover the modifications and variations of this invention provided 
they come within the scope of the appended claims and their equivalents. 
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